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FOREWORD 

Rapid  changes  in  methods  of  harvesting  and  packing  western  head  lettuce  and 
in  industry  organization  have  resulted  from  the  recent  adoption  of  the  vacuum- 
cooling  process  and  a  shift  from  house  to  field  packing.    With  the  change  to 
field  packing,  several  different  types  of  equipment  and  work  methods  virere  devel- 
oped.   Considerable  difference  of  opinion  was  observed  in  the  industry  as  to 
which  of  these  methods  is  the  most  economical. 

lifts  report  presents  data  on  the  relative  costs  and  efficiency  of  three  meth- 
ods of  field  packing  commonly  used  in  the  1953-5U  season,  namely,  machine  pack, 
trailer  pack,  and  ground  pack. 

With  crews  paid  on  an  hourly  wage  basis  in  the  Salinas-Wats onvi lie  district, 
the  machine-pack  method  was  lowest  in  cost  per  carton  at  average  rates  of  harvest 
per  acre.    The  ground-pack  method  was  the  next  lowest  in  cost,  and  tne  trailer- 
pack  method  was  highest  in  cost  per  carton.    Expressed  in  terms  of  savings  per 
carlot,  a  shift  from  the  trailer-pack  to  the  machine-pack  method  in  the  Salinas- 
Watsonville  district  would,  on  the  average,  reduce  costs  by  about  |23  per  carlot. 
A  shift  from  the  ground-pack  to  the  machine-pack  method  would  lower  costs  by 
about  $17  per  car.    Such  changes  in  the  Salt  River  and  Imperial  districts  vrould 
result  in  similar — although  smaller — savings. 

Miith  a  piece-rate  wage  plan,  costs  with  a  given  method  were  found  to  be 
higher,  except  at  low  rates  of  harvest  per  acre,  in  all  districts  than  with  the 
hourly  wage  plan. 

While  the  machine-pack  metnod  appears  to  be  lowest  in  cost  In  most  situa- 
tions, improvements  have  been  visualized  that  could  increase  its  efficiency  and 
lower  costs  still  more.    The  potential  saving  compared  to  the  present  low-cost 
machine-pack  method  is  estimated  as  approximately  ^30  per  car. 

The  study  shows  that  with  a  given  work  method  the  productivity  of  packing 
crews  increases  and  costs  per  carton  decrease  as  the  rate  of  harvest  per  acre  in- 
creases.   This  effect  was  considerably  less  noticeable  with  crews  paid  on  a 
piece-rate  basis  as  compared  with  those  paid  an  hourly  wage.    Since  relative 
costs  with  different  methods  change  as  harvest  density  changes,  this  factor  must 
be  considered  in  the  cost  comparisons. 

These  studies  were  made  cooperatively  by  the  Giannini  Foundation  of  Agricul- 
tural Economics  of  the  California  Agricultural  Experiment  Station  and  the  Agri- 
cultural Marketing  Service,  U.  S.  Deparlanent  of  Agricvilture  under  authority  of 
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the  Research  and  mrketing  Act  of  19U6.  The  work  was  performed  as  a  part  of 
Western  Regional  Research  Project  ¥M-li+  relating  to  the  marketing  of  western 
head  lettuce. 


COSTS  AND  EFFICIENCY  IN  FIEID  PACKING  WESTERN  HEAD  LETTUCE 

Frank  J.  Sinith,i'^  L.  L.  Saminet,-^  and  Robert  V.  Enochian^^ 

liitil  recently,  shipping  point  operations  for  the  western  head  lettuce  in- 
dustry were  highly  standardized  with  respect  to  the  type  of  container  used  and 
the  methods  of  harvesting  and  packing.    Lettuce  was  harvested  in  the  field,  trans- 
ported distances  of  up  to  50  miles  to  a  packing  house,  trimmed,  placed  in  wooden 
crates  between  alternate  layers  of  ice,  and  loaded  into  railroad  cars  for  ship- 
ment. 

In  19U6,  the  principle  of  vacuum  cooling  was  first  applied  to  the  precool- 
ing  of  lettuce.    By  eliminating  the  need  for  direct  icing,  this  process  fflade  it 
feasible  to  substitute  a  corrugated  paper  carton  for  the  wooden  crate  and  to 
pack  in  the  field  rather  than  in  a  centralized  packing  house. 

The  principle  of  vacuum  cooling  is  relatively  simple.    Packaged  lettuce  is 
placed  in  a  sealed  chamber  where  a  vacuum  is  created.    The  reduction  in  pressure 
permits  rapid  evaporation  of  leaf  surface  moisture  which  reduces  the  internal 
temperature  of  the  head.    To  obtain  rapid,  low  temperature  evaporation,  the  ef- 
fect of  the  vacuum  is  supplemented  by  condensation  of  moisture  on  refrigerated 
coils  located  in  the  vacuum  chamber.    The  desired  shipping  temperature— 33  F.— 
is  reached  in  20  to  30  minutes,  depending  on  the  field  heat  in  the  lettuce  at 
the  time  it  is  processed. 

Adoption  of  the  vacuum- cooling  method  was  slow  at  first  but  increased  ra^- 
pidly  when  it  proved  feasible  for  use  in  conjunction  with  field  packing  in  fibre- 
board  containers.    Field-packed  shipments  from  the  Salinas-Watsonville  area  rose 
from  20  per  cent  of  total  shipments  in  1952  to  73  per  cent  in  195U.    The  change- 
over was  even  more  spectacular  in  the  winter  lettuce  areas,  where,  in  seme  dis- 
tricts, up  to  90  per  cent  of  total  shipments  were  field  packed. 

1/  Frank  J.  Smith  is  a  Cooperative  Agent,.  California  Agricultural  Experiment 
Station  and  Agricultural  Marketing  Service,  U.  S.  Department  of  Agriculture. 

2/  L.  L.  Sammet  is  Sepcialist  in  the  Experiment  Station,  University  of  Cali- 
fornia and  Cooperative  Agent  with  the  Agricultural  Marketing  Service,  U.  S.  De- 
partment of  Agriculture. 

3/  Robert  V.  Enochican  is  an  Agricultural  Economist,  Agricultural  mrketing 
Service,  U.  S.  Department  of  Agriculture. 
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Opinions  among  shippers  varied  widely  with  respect  to  the  relative  costs 
of  the  different  methods  of  field  packing.    The  objective  of  this  report  is  to 
compare  the  costs  and  efficiency  of  the  commonly  used  methods  under  different 
harvest  conditions  and  to  suggest  changes  with  respect  to  crew  organization, 
method,  and  equipment  which  might  effectively  reduce  costs  and  increase  effi- 
ciency.   Shippers  who  usually  have  a  good  understanding  of  their  own  operation 
may  use  the  results  of  these  studies  of  alternative  methods  to  improve  the  ef- 
ficiency of  their  present  practices. 

FIEID-PACKING  OPEEATIONS  AND  OUTPUT  RATES 

Wiile  a  number  of  variations  in  procedure  and  equipment  were  observed,  the 
results  in  this  report  are  limited  to  three  methods  commonly  used  in  the  1953-5U 
season,  namely,  ground  pack,  machine  pack,  and  trailer  pack.    Details  of  the  op- 
erations performed  in  each  of  the  three  methods  are  given  in  the  following  sec- 
tion. 

Operations  Performed 

The  same  basic  operations  are  performed  with  each  method.    These  include 
carton  assembly,  carton  distribution,  cutting  and  trimming,  pickup,  packing, 
carton  closing,  and  loading.    Details  of  how  these  operations  sire  performed  with 
the  three  methods  and  the  number  of  men  in  each  job  category  with  typical  crew 
organizations  are  shown  in  Figure  1. 

The  methods  described  in  Figure  1  and  illustrated  in  Figures  2,  3j  and  k 
differ  primarily  in  the  type  of  equipment,  the  nianber  of  men  used  in  each  job 
category,  and  the  sequence  and  place  of  performing  the  various  jobs.    With  the 
ground-pack  method,  all  the  jobs  except  carton  assembly  are  performed  on  the 
gro\md.    Crew  size  varies  considerably  with  this  method.    The  organization  shown 
in  the  chart  represents  a  size  commonly  observed  during  the  study.    With  the 
trailer  and  machine  methods,  only  the  jobs  of  cutting  and  trimming  and  pickup 
are  performed  on  the  ground,  and  crew  sizes  sire  smaller  than  with  the  ground 
pack.    The  primary  differences  between  the  trailer-  and  machine-pack  methods  are 
that  the  latter  has  a  much  larger  crew  and  the  packing  unit  is  self-propelled, 
while  with  the  former,  the  packing  unit  must  be  pulled  through  the  strip  by  a 
truck  which  also  receives  the  packed  cartons. 
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riGURE  1 

Operations  and  Crew  Organization  With  Three  Different  Methods  of  Field  Packing  Lettuce 
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Method 

Ground  nack 

Trailer  pack 

Machine  pack 

Operation 

Job  description 

Number 
of  men 

Job  description 

Number 
of  men 

Job  description 

Sumber 
of  men 

Carton  assembly 

Carton  truck  precedes 
crew  through  harvest 
strip.    Cartons  are 
assembled  and  stitched 
on  the  truck  and  de- 
posited on  ground. 

2 

Cartons  are  assembled 
and  stitched  on  for- 
ward part  of  trailer 
and  placed  on  a  car- 
ton slide  to  packers. 

2 

Cartons  are  assembled 
and  stitched  on  a 
specleU  platform  on 
the  machine  and  placed 
on  a  wheel  conveyor  to 
the  packers . 

2 

Carton  distribution 

Cartons  are  picked  up 
at  truck  side  and 
distributed  manually 
over  the  strip. 

2 

Not  required. 

0 

Not  required. 

0 

Cut  and  trim 

Cutter  trimmers  cut, 
trim,  and  place 
lettuce  on  harvest 
bed;  two  beds  per 
trimmer. 

30 

Same  as  with  ground 
pack  except  that  each 
man  takes  one  bed. 

8 

Seuue  as  with  trailer 
pack. 

16 

Pickup 

Packers  perform  this 
operation. 

0 

A  special  crew  of 
pickup  men  walking 

transfers  trimmed 
heads  from  the  bed  to 
tables  on  the  trallei 

k 

A  spec  led.  crew  of 
pickup  men  walking 
directly  behind  the 
machine  transfers 
trimmed  heads  from 
the  beds  to  tables 
on  the  machines. 

8 

Pack 

Packers  gather  let- 
tuce from  the  beds 
and  place  it  in  car- 
tons .    Packed  cartons 
are  left  in  furrow. 

15 

Packers  riding  the 
trailer  transfer 

table  to  cartons. 
Full  cartons  are 
placed  on  a  roller 
conveyor  to  the 
closer. 

k 

Packers  riding  the 
machine  transfer 
heads  from  packing 
table  to  cartons. 
Full  cartons  are 
placed  on  a  power 
conveyor  to  the 
closer. 

8 

Close  carton 

L-J-Oocrs,   uoJ.ng  purl.— 
able  equipment, 
close  and  staple 
carton  top . 

and  stapled  at  the 
forward  end  of  the 
trailer  and  placed 
on  a  conveyor  to  the 
truck  which  is  pull- 
ing the  unit. 

2 

Cartons  are  closed 
and  stapled  on  a 
special  platform  on 

placed  on  a  conveyor 
to  a  truck  moving 
alongside  the  machine. 

3 

Load 

Cartons  are  carried 
by  hand  from  the 
packing  furrows  and 
loaded  on  a  truck  as 
it  travels  through 
the  strip. 

1+ 

Cartons  move  by 
gravity  conveyor  to 
the  truck  and  are 
stacked  on  pallets, 
32  to  the  pallet, 
320  to  a  truckload. 

1 

Same  as  with  trailer. 

2 

Bow  boss 

Supervise  cutter- 
trimmers  . 

2 

Sajne  as  with  ground 
pack. 

1 

SEime  as  with  ground 
pack. 

1 

Supervise 

Supervise  over-all 
operation . 

.  .... 

1 

Same  as  with  ground 
pack. 

l/2«/ 

Same  as  with  ground 
pack. 

i/as/ 

a/  Customary  procedure  is  to  have  two  machines  or  two  trailers  per  field.  The  l/2-man  allocation  indicates 
~    the  division  of  time  between  the  two  units. 


Figure  2.  Field  packing,  ground  pack  method. 
Cutter-trimmers  in  left  foreground;  packers  in 
center;  in  right  background,  a  highway  truck 
for  transportation  of  packed  cartons  to  pre- 
cooler. 
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Figure  3.  Field  packing,  trailer  pack  method. 
Truck  —  right  foreground  —  draws  trailer 
through  harvest  strip  and  receives  packed 
cartons;  pickup  men  on  ground  at  sides  of 
trailer.  On  trailer  are  the  packers  and  carton 
closers;  carton  stitcher  not  shown.  Cutter- 
trimmers  in  right  background. 


Figure  4.  Field  packing,  machine  pack 
method.  Pickup  men  on  ground  behind  ma- 
chine; packers  on  machine;  empty  cartons 
assembled  and  full  cartons  closed  on  plat- 
form at  left.  Full  cartons  loaded  on  truck  at 
far  left. 
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Production  Standards 

The  primary  sources  of  data  used  in  analyzing  costs  with  the  different  meth- 
ods of  field  packing  are  time  and  production  studies  of  labor  and  equipment  re- 
quirements made  in  the  Salinas,  Imperial,  and  Phoenix  districts  in  1953-5^  and 
supplemental  data  from  the  accounting  records  of  a  sample  of  packing  firms. 
These  data  were  used  to  estimate  net  labor  requirements  for  individual  jobs. 

Production  standards  typical  of  operation  under  relatively  efficient  con- 
ditions and  with  labor  of  average  skills  were  derived  from  the  estimates  of  net 
labor  requirements  by  adding  allowances  for  personal  time,  unavoidable  delay, 
and  turn-around  time  at  the  ends  of  each  harvest  strip.    For  example,  the  net 
productive  time  required  to  pack  a  carton  with  the  machine-pack  method,  using 
an  hourly  rate  wage  plan,  was  estimated  as  1.21^  man-minutes.    Allowing  20  per 
cent  for  personal  time,  unavoidable  delay,  and  time  lost  in  turning  at  the  ends 
of  the  harvest  strip,  the  gross  time  is  1.55  man-minutes  per  carton.    This  is 
equivalent  to  an  output  of  38.8  cartons  per  hour  for  a  packer,  and  this  rate  is 
used  in  the  analysis  as  the  production  standard  for  this  job.    ihen  applied  to 
and  eight-man  packer  crew,  this  standard  indicates  a  packer  crew  output  of  310 
cartons  per  hour.    Some  variation  from  this  standard  can  be  expected  with  re- 
gard to  individual  crews  because  of  variations  in  the  pace  of  different  work  crews, 
variations  in  the  quality  of  supervision  and  quality  of  lettuce,  differences  be- 
tween fields  with  respect  to  ground  condition  and  layout,  and  differences  in  the 
firm's  policy  with  respect  to  quality  of  pack.    However,  the  standards  so  devel- 
oped are  considered  good  estimates  of  typical  output  rates. 

The  above  procedure,  with  delay  allowances  appropriate  to  the  particular 
job,  was  used  in  computing  a  production  standard  for  each  job  in  each  method. 
Separate  production  standards  were  developed  for  work  under  piece-rate  and  hourly 
rate  wage  plans. 

In  making  these  studies,  it  was  evident  that  many  factors  could  influence 
output  rates  and  costs  from  particular  fields.    Some  of  these  factors,  such  as 
the  method  and  equipment  used,  the  wage  plan,  and  the  rate  of  harvest  per  acre, 
have  easily  measurable  effects  on  productivity  and  are  considered  specifically 
in  this  report.    Others,  such  as  quality  of  lettuce,  market  price,  the  firm's 
policy  with  respect  to  quality  of  pack,  ground  condition,  and  the  number  of 
previous  cuttings,  have  effects  which  could  not  be  specifically  measured  but 
which  are  reflected  to  a  large  degree  in  the  rate  of  harvest  per  acre. 
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Since  the  rate  of  harvest  per  acre  has  an  important  effect  on  productivity 
and  costs,  it  is  one  of  the  principal  considerations  in  the  analysis.  For  con- 
venience, rate  of  harvest  is  called  "harvest  density"  and  is  defined  as  the  num- 
ber of  cartons  harvested  per  acre  in  a  given  cutting.  Where  the  output  rate  of 
a  particular  job  is  affected  by  harvest  density,  this  relationship  is  reflected 
in  the  production  standard. 

Crew  Organization  and  Output 

Hourly  Rate  Crews. — Production  standards  developed  for  individual  jobs  in 
the  manner  described  above  are  the  basis  for  the  crew  output  data  with  different 
work  methods  and  wage  plans  which  follow.    Production  standards  for  the  ground- 
pack,  machine-pack,  and  trailer-pack  methods  using  an  hourly  rate  wage  plan  are 
summarized  in  Table  1.    The  output  rates  for  individual  jobs  represent  the  po- 
tential production  rates  and  these  vary  considerably  from  job  to  job.    Crew  out- 
put, however,  is  limited  by  the  output  rate  on  the  bottleneck  job  since  the 
packing  process  with  all  three  methods  is  largely  one  of  continuous  flow  from 
one  job  to  another.    This  results  in  the  full  utilization  of  labor  in  the  bottle- 
neck job  and,  in  the  remaining  jobs,  idle  time  in  excess  of  that  included  in  the 
production  standards.    Further,  since  production  rates  on  some  jobs  are  affected 
by  harvest  density,  actual  output  rates  on  other  jobs  are  similarly  affected. 

Table  1  indicates  that,  with  the  ground-pack  method,  for  example,  at  har- 
vest densities  of  100  and  150  cartons  per  acre,  crew  output  is  determined  by  the 
packer  production  standards  of  265  and  292  cartons  per  hour.    At  a  harvest  den^ 
sity  of  200  cartons  per  acre,  the  cutter- trimmers  become  the  bottleneck  and  crew 
output  is  limited  to  318  cartons  per  hour.    For  harvest  densities  above  200  car- 
tons per  acre,  an  additional  carton  distributor  must  be  added  if  a  maximum  output 
of  3li8  cartons  per  hour — the  rate  for  the  cutter-trimmers — is  to  be  attained. 
Table  1  indicates  the  standards  for  the  carton  closers  with  the  ground-pack  method 
to  be  less  than  for  the  other  jobs  at  harvest  densities  greater  than  150  cartons 
per  acre.    However,  the  cartons  closers  do  not  restrict  crew  output  at  the  higher 
harvest  densities,  since  this  operation  follows  all  the  key  jobs  in  the  process 
and  does  not  need  to  be  perfectly  harmonized  with  rates  of  output  in  other  stages 
of  the  process. 

With  the  machine  method  and  harvest  densities  of  200  cartons  per  acre  and 
less,  output  per  crew  hour  is  limited  by  the  output  attainable  by  the  pickup  crew. 


TABLE  1 


Production  Standards  and  Nvnaber  of  Men  Used  in  Each  Job  With  Typical  Crew  Organizationg^  / 
for  Three  Methods  of  Field  Packing  Two-Dozen-Size  Cartons  Using  an  Hourly  Rate  Wage  Plan-' 


Method 


Groxond  pack 

Machine  pack 

Trailer  pack 

Harvest 

Q     r1  a 

0  iianuaxQ. 

.'-i'h.fl  n  H  n  T*fl 

5itfindflTd 

51 1  and  ard 

output 

output 

output 

output 

output 

output 

cartons 

per  man- 

Crew 

per  crew 

per  maji" 

Crew 

J  OD 

per  acre 

hour 

size 

hour  ) 

hour 

size 

hour 

ho\xr 

size 

hour 

cartons 

cartcna  • 

cartons 

cartons 

cartons 

cartons 

nii+.  nnfl   "f.!*! Tn 

inn 

9.1 

273 

13.6 

218 

13,6 

109 

150 

9.8 

30 

294 

15  5 

16 

248 

15,5 

8 

124 

10,6 

318 

16,7 

267 

16,7 

134 

250 

11.6 

348 

17.6 

282 

17,6 

141 

100 

24,5 

196 

25.9 

104 

150 
200 

(not  required) 

29,5 
32,8 

8 

236 
262 

30.8 
S4.1 

4 

123 
136 

250 

282 

36.4 

145 

Pack 

100 

17.7 

265 

150 

19.4 

15 

291 

38.8 

8 

310 

38.8 

4 

155 

cr>rv 
icUU 

21.4 

321 

fcOU 

23.8 

357 

Close  carton 

Fold  top 

76.2 

4 

305V 

184.0 

2 

368 

226.4 

1 

226 

Staple 

363.0 

1 

363 

242.9 

1 

243 

Load  flat— bed 
truck 

4 

400 

222.0 

2 

4<L4 

178.0 

1 

178 

Assemble  carton 

Fold 

429.0 

1 

429 

429.0 

1 

429 

(not  required) 

Stitch 

349.0 

1 

349 

349.0 

1 

349 

147.0 

1 

147 

Distribute  c£a*ton 

2 

3202/ 

(not  required) 

(not  required) 

Hatiling  cartons 

100 

242 

156 

to  pre cooler^/ 

150 

2 

356 

2 

272 

2 

178 

200 

288 

190 

250 

300 

194 

(Continued  on  next  page.) 


Table  1  continued 


a/  Production  standards  are  adjusted  to  allow  for  personal  time,  unavoidable  delays,  and  unproductive  turn 
time  at  the  end  of  harvest  strip.    Calculations  for  the  effect  of  turn  time  are  based  on  strips  1,000 
feet  in  length.    For  details  see  Appendix  Tables  A  and  C, 

b/  Since  the  closing  operation  is  preceded  by  all  other  major  operations,  it  does  not  act  as  a  bottleneck, 

o/  For  harvest  densities  of  200  cartons  per  acre  and  above,  three  carton  distributors  are  required  to  at- 
~   tain  an  output  of  348  cartons  per  hour — the  output  rate  of  the  cutter-trimmers, 

d/  For  details  of  production  standards  for  the  hauling  operation,  see  Appendix  Table  D. 
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With  a  harvest  density  of  250  cartons  per  acre,  crew  output  is  limited  by  both 
the  pickup    crew  and  the  cutter- trimmers. 

With  the  trailer-pack  method,  crew  output  at  harvest  densities  of  100  and 
150  cartons  per  acre  is  limited  to  lOi;  and  123  cartons  per  hour  by  the  picki?) 
men.    For  harvest  densities  of  200  and  200  cartons  per  acre,  output  is  limited 
to  13li  and  1|;1  cartons  per  crew  hour  by  the  cutter- trimmers. 

Piece-Rate  Crews. — The  results  of  a  similar  development  of  production  stand- 
ards for  the  three  methods,  using  piece-rate  wage  plans,  are  summarized  in  Table  2. 

Comparisons  with  Table  1  show  that  production  rates  with  the  piece-rate  wage 
are  substantially  above  those  with  the  hourly  rate  plan.    The  piece-rate  produc- 
tion standard  for  packers  with  the  ground-pack  method,  for  example,  is  36. 1  car- 
tons per  man-hour  with  a  harvest  density  of  200  cartons  per  acre  in  contrast 
with  a  production  standard  of  21. U  cartons  for  packers  under  an  hourly  rate  wage 
plan.    Similar  comparisons  can  be  made  for  other  jobs  and  with  other  methods. 

The  range  of  densities  observed  for  the  ground-pack  method  using  this  wage 
plan  were  too  narrow  to  obtain  significant  relationships  between  harvest  density 
and  rate  of  output.    The  standards  for  all  jobs,  therefore,  are  presented  at  an 
average  harvest  density  of  200  cartons  per  acre. 

FIELD-PACKING  COSTS 

The  production  standards  data  given  above  is  the  principal  basis  for  the 
estimates  of  field-packing  costs  which  follow.    The  cost  components  considered 
are  defined  below.    They  include  direct  labor  and  field  supervision^  operating 
and  fixed  costs  of  equipment,  and  the  costs  of  precooling  and  packaging  mate- 
rials.—'^ 

Administrative  costs  and  general  expenses  are  not  considered,  but  the 
costs  of  these  items  would  not  vary  significantly  with  the  different  field- 
packing  methods  studied. 

1/  For  a  more  complete  breakdown  of  these  costs,  see  Appendix  Tables  L 
through  H. 


,-i»o-X..otl  ■  ^, 


50!;;;.'!  "X.  '; •         _  jjs^O-e:?! 


.••.■:<io  -.si 

'.'Trfiil  .3S■s■'^3v'^• 


3  'fens  .edfi-  Tj  ©v,tc}-fc'x4iF  xKt«riKA 


;i.  sap  .tSi^i. 


TiiBUE  2 


Production  Standards  and  Number  of  Men  Used  in  Each  Job  With  Typical  Crew  Organization 
for  Tliree  Methods  of  Field  Packing  Two-Dozen  Size  Cartons  Using  a  Piece-Rate  Wage  Plan^/ 


Job 

cartons 
per  acre 

Method 

Groiond  pack 

Machine  pack 

Trailer  pack 

Standard 

output 
npr  man— 
hour 

Crew 
size 

Standard 

output 
per  crew 
hoiu? 

Standard 
output 

per  man- 
hour 

1 

Crew  1 

size  i 
 :: — 1 

Standard 

output 
per  crew 
hour 

Standard 

output 
per  man- 
hour 

Grew 
size 

Standard  ' 

output 
per  crew 
hour 

cartons 

cartons 

cartons 

I 

cartons 

cartons 

cartons 

P.i  Th  fl  n  rl  "Kt*  1  m 

O  Li  W    cLlXvU.     ox  -LiU 

inn 

17.9 

f 

286 

17.9 

143 

150 

16.9 

50 

507 

21.9 

16 

350 

21.9 

8 

175 

200 

24.6 

394 

24.6 

197 

250 

26.7 

427 

26.7 

214 

Bunch  heads 

2 

PickuD 

100 

38.6 

309 

38,6 

154 

150 
200 

\noL 

required) 

46.3 
51,4 

R 

370 
411 

46.5 
51.4 

4 

185 
205 

250 

55.0 

440 

55.0 

229 

Pack 

100 

150 
200 

36.1 

14 

504 

47.0 

8 

376 

47.0 

4 

188 

250 

Close  carton 

Fold  top 

282 

2 

564 

289.0 

1 

289 

Staple 

92.0 

6 

540 

472 

1 

472 

262.0 

1 

262 

Load  flat-bed  truck 

4 

568 

270 

2 

540 

394.0 

1 

394 

Assemble  carton 

Fold 

550.0 

1 

550 

550 

1 

550 

(not  required) 

Stitch 

550.0 

1 

550 

550 

1 

550 

223.0 

1 

223 

Distribute  carton 

248.0 

2 

496 

(not  required) 

(not  required) 

Hauling  cartons 

to  precoolerc/ 

100 

302 

198 

150 

2.5 

510 

2 

334 

2 

220 

200 

352 

244 

250 

352 

256 

(Continued  on  next  page,) 


Table  2  continued, 

a/  Production  standards  are  adjusted  to  allow  for  personal  time,  unavoidable  delays,  and  unproductive  turn 
~   time  at  the  end  of  harvest  strip.    Calculations  for  the  effect  of  turn  time  are  based  on  strips  1,000 
feet  in  length.    For  details  see  Appendix  Tables  B  and  C, 

b/  No  production  standards  were  computed  for  the  bunching  operation. 


qJ  For  details  of  production  standards  for  the  hauling  operation,  see  Appendix  Table  D, 
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Direct  Costs 

Harvesting  and  Packing  Labor. — Harvesting  and  packing  labor  costs  Include 
the  costs  of  cutting  and  trimming,  packing,  carton  assembly,  carton  distribution, 
carton  closing,  and  loading  highway  trucks.    As  previously  noted,  two  methods 
of  payment  were  observed  for  jobs  in  this  category — hourly  rate  and  piece  rate. 

With  the  hourly  rate  plan,  harvesting  and  packing  labor  costs  per  crew  hour 
for  each  method  were  obtained  by  multiplying  the  niunber  of  men  in  each  job  cate- 
gory by  the  applicable  wage  rate  and  totaling  for  the  entire  crew  (see  Appendix 
Table  E).    Labor  costs  were  calculated  separately  for  the  Salinas-Watsonville 
and  winter  lettuce  areas.    The  wage  rates  used  in  these  calculations  were  typi- 
cal for  each  district.    Eleven  per  cent  was  added  to  the  direct  wage  cost  of 
Mexican  National  labor  to  cover  camp  costs.    Five  per  cent  was  added  to  the 
direct  wage  cost  for  local  employees  to  cover  social  security  and  workmen's 
compensation  taxes. 

The  piece-rate  plan  involves  the  payment  of  a  total  piece  rate  per  carton 
to  be  divided  among  various  harvesting  and  packing  labor  categories.  Total 
costs  per  crew  hour  are  obtained  by  multiplying  total  output  per  crew  hour  by 
the  total  piece  rate. 

Under  the  piece-rate  wage  plan,  each  worker  is  guaranteed  a  minimum  hourly 
wage  corresponding  to  that  paid  under  the  hourly  wage  plan.    However,  for  the 
range  of  output  rates  observed  for  piece-rate  crews  in  this  study,  earnings 
under  the  piece-rate  plan  exceed  the  hourly  minimum. 

Equipment  Operating  Labor. — Equipment  operating  labor  costs  include  the 
wages  of  drivers  of  field-packing  machines,  field  trucks  (trucks  on  which  car- 
tons are  assembled),  and  highway  trucks.    The  labor  costs  of  packing  machine  and 
field  truck  drivers  are  based  on  the  field  operating  time  plus  a  12.5-per  cent 
allowance  for  highway  travel  to  and  from  the  field.    The  labor  costs  of  highway 
truck  drivers  include  allowances  for  waiting  and  loading  time  in  the  field  plus 
allowances  for  round-trip  travel  time  from  the  field  to  the  precooler  and  wait- 
ing and  unloading  time  at  the  precooler.     (For  details,  see  Appendix  Tables  D 
and  H. )    The  average  round- trip  distance  observed  at  the  time  of  the  study  was 
20  miles,  and  the  travel  time  allowance  is  based  on  that  figiure.    For  round- 
trip  distances  other  than  20  miles,  approriate  adjustment  in  the  costs  of  equip- 
ment operating  labor  would  be  required.    Equipment  drivers  were  paid  on  an  hourly 
basis  regardless  of  the  wage  plan  use  for  other  members  of  the  crew. 


i^fii  c:  ..  .  .     .  - 


31/ 


13. 


Labor  costs  per  hoxir  for  drivers  working  with  hourly  rate  crews  were  the 
same  as  with  piece-rate  crews  except  with  the  ground-pack  method.    With  the 
ground-pack,  piece-rate  method,  the  accelerated  rate  of  output  requires  an  ad- 
ditional highway  truck  and  a  higher  hourly  cost    for  trucking  to  facilitate  ds- 
livery  of  packed  cartons  to  the  precoolerc 

Fuel,  Repairs,  and  Tires, — This  category  includes  the  costs  of  such  items 
as  gasoline,  oil,  tires,  equipment,  repair,  and  miscellaneous  expenses  involved 
in  operating  field-packing  machinery  and  field  and  highway  trucks  (see  Appendix 
Tables  G  and  H  for  details).    These  costs  were  computed  on  an  hourly  basis  and 
were  derived  from  data  obtained  from  the  industry,  previous  studies  of  field-to- 
plant  transportation  operations,  and  estimates  of  the  costs  of  trucking  farm 
products  prepared  by  the  California  Public  Utilities  Commission.-^ 

Salaried  Field  Supervi.sion. — These  costs  include  only  the  salary  expense 
of  direct  field  supervision  of  harvesting  and  packing  operations.    The  salary 
expense  of  those  concerned  with  the  firm's  over-all  operations  (for  example, 
the  general  manager  or  general  superintendent)  is  not  included  in  this  category. 

Although  considerable  variation  in  method  of  operation,  crew  size,  and  out- 
put was  observed,  the  amount  of  salaried  supervision  did  not  seem  related  to 
these  variables.    The  practice  commonly  observed  was  to  have  one  salaried  super- 
visor in  each  field  being  harvested.    This  ordinarily  meant  that  one  man  super- 
vised one  ground-packing  crew,  two  machine  crews,  or  two  trailer  crews.  This 
organization  in  regard  to  supervision  is  reflected  in  the  cost  estimates.  (For 
details,  see  Appendix  Table  F. ) 

Fixed  Costs 

The  fixed  costs  for  equipment  include  insurance,  license  fees,  interest  on 
investment,  taxes,  and  depreciation.    Depreciation  charges  were  based  on  an 
eight-year  use  life  for  all  equipment  except  hand  tools  used  in  ground  packing; 
charges  for  ground-packing  equipment  were  based  on  a  five-year  use  life.  Cost 
rates  for  insurance,  taxes,  and  interest  on  investment  were  derived  from  data 

1/  California  Public  Utilities  Commission,  Transportation  Deparlanent,  Engi- 
neering Division,  Report  on  the  Cost  of  Transporting  Fresh  Fruits  and  Vege- 
tables by  Motor  Vehicle  Equipment  Within  California,  liixcluding  Movements  to 
Canneries  and  Processing  Plants  (Los  Angeles:  1952),  Case  No,  U^Ob. 
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obtained  from  the  industry  and  from  previous  studies  of  packing  operations.  An- 
nual charges,  computed  on  a  percentage  basis,  are  based  on  1953  replacement  costs 
for  equipment.    (For  details  on  fixed  costs,  see  Appendix  Tables  G  and  H. ) 

Annual  fixed  charges  for  equipment  were  reduced  to  costs  per  field  hour 
on  the  basis  of  a  1,280-hour  season  (32  weeks  per  year,  kO  hours  per  week). 
This  length  of  season  is  applicable  to  the  Salinas-Watsonville  area.    The  oper- 
ating season  in  the  winter  lettuce  areas  is  shorter  and  equipment  costs  per 
hour  will  be  higher    unless  alternative  use  is  found  for  the  equipment  during 
other  seasons  of  the  year.    Similarly,  a  longer  use  period  for  firms  operating 
in  both  areas  would  reduce  equipment  costs  per  hour  although  the  rate  of  reduc- 
tion for  use  above  1,280  hours  per  season  would  be  small. 

Crew  Costs  Per  Hour 

A  summary  of  costs  per  hour  for  the  cost  components  described  above  is 
given  in  Table  3  for  the  three  packing  methods  studied  and  for  the  hourly  and 
piece-rate  wage  plans.  Labor  costs  per  field  hour  are  based  on  the  crew  size 
specified  with  each  method  in  Tables  1  and  2.  Equipment  costs  are  related  to 
the  hourly  output  of  these  crews  and  to  the  quantities  and  types  of  equipment 
required  with  each  method.  The  details  of  these  calculations  are  given  in  the 
Appendix. 

Since  crew  size  can  be  varied,  particularly  with  the  ground-pack  method, 
the  costs  per  crew  hour  given  in  Table  3  have  significance  only  with  respect 
to  the  crew  organization  from  which  they  are  derived.    However,  the  organiza- 
tion and  size  of  crews  on  which  these  estimates  are  based  were  commonly  observed 
and  represent  relatively  efficient  combinations  of  crew  and  equipment.    In  rela- 
tion to  the  hourly  output  rates  of  the  particular  crews  specified,  these  costs 
provide  a  good  basis  for  computing  unit  costs  per  carton  for  comparisons  of  ef- 
ficiency with  the  different  methods  and  wage  plans. 

In  the  cost  comparisons  which  follovr,  crew  organizations  and  costs  per 
field  hour  with  each  method  are  fixed.    With  costs  per  crew  hour  constant,  unit 
costs  per  carton  then  vary  as  rate  of  crew  output  changes  with  variation  in  har- 
vest density. 


TABLE  3 


Labor,  Equipment,  and  Supervision  Cost  Per  Crew  Hour  Based  on  Typical 
Crew  Organization^;/  With  Three  Methods  of  Field  Packing 
Salinas-Watsonville  District,  19^3-$h 


Method 

T+.pm 

•i.  U  will 

Ground  pack  [  Machine  pack 

,  Trailer  pack 

cost  per  field  hour — 

■dollars 

Hourly  rate  crews 

Labor: 

Harvesting  and  packing 

58.30 

39.iiO 

21.92 

Equipment  operating 

5.iil 

5.iil 

)i7 

Subtotal 

63.71 

l4il.8l 

25.39 

Equipment  i 

P^el.  T'Ena'i'p.  and  tirps 

h»12 

li.50 

2.82 

Fixed  costs 

li.ll 

5.0a 

3.12 

Subtotal 

8.23 

9.5ii 

5.9I1 

Supervision 

3.28 

1.6U 

1.6U 

Total 

75.22 

32.97 

minimvim  cost  per  field  hour — dollars 

Piece-rate  crews 

Labor:  / 
Harvesting  and  packing—' 

59.96 

iil.Oii 

23.86 

Equipment  operating 

6.28 

5.^1 

Subtotal 

66.2I1 

27.33 

Equipment: 

Fuel,  repair,  and  tires 

ii.78 

ii.50 

2.82 

Fixed  costs 

ii.75 

5.0U 

3.12 

Subtotal 

9.53 

9.51j 

5.9U 

Supervision 

3.28 

1.61i 

1.6U 

Total 

79.05 

57.63 

3li.91 

a/  For  crew  organizations  for  the  three  methods,  see  Tables  1  and  2. 


b/  The  total  harvesting  and  packing  labor  costs  shown  here  are  based  on 
"    the  guaranteed  minimum  hourly  wage.    For  the  range  of  output  rates 
observed  for  piece-rate  crews,  however,  earnings  lander  the  piece-rate 
exceed  the  hourly  minimum.    Therefore,  for  usual  conditions,  harveot- 
ing  and  packing  labor  costs  per  crew  hour  will  be  higher  than -those 
shown. 
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COMPARISON  OF  COSTS  PER  CARTON  WITH  DIFFERENT  METHODS 

From  the  data  presented  in  Tables  1,  2,  and  3  average  costs  per  carton  for 
field  labor  and  equipment  can  be  calculated  by  dividing  crew  costs  per  hour  by 
the  appropriate  production  rate  per  crew  hour,    IVhere  piece-rate  wages  apply, 
the  average  cost  per  carton  may  be  estimated  by  similarly  computing  unit  operat- 
ing labor  costs,  unit  equipment  operating  costs,  unit  fixed  costs,  and  unit  su- 
pervisory costs  and  adding  these  costs  to  the  labor  piece  rate  per  carton.  To 
obtain  the  total  costs  per  carton,  the  costs  of  carton  and  staples  and  the  costs 
of  precooling  and  carloading  must  be  added.    The  results  of  such  calculations 
for  the  three  methods  and  the  two  wage  plans  described  above  are  given  in  Table 
k  and  illustrated  in  Figure  5» 

Effect  of  Harvest  Density 

The  estimated  unit  costs  indicate  that,  with  the  hourly  rate  wage  plan, 
output  per  packer  hour  increases  and  unit  costs  decrease  substantially  with  all 
three  packing  methods  as  harvest  density  varies  from  100  cartons  to  250  cartons 
per  acre.    Through  this  range  with  the  machine  method,  for  example,  output  per 
packer  hour  increases  from  approximately  25  to  35  cartons  (UO  per  cent),  and  to- 
tal costs  per  carton  decrease  from  70.6  cents  to  61.9  cents  (12,3  per  cent).  If 
only  labor  and  equipment  costs  are  considered  (total  cost  less  package  materials, 
precooling,  and  loading),  the  decrease  in  costs  through  the  range  of  harvest 
densities  is  30. U  per  cent. 

Since  field  labor  and  equipment  costs  per  carton  vary  with  harvest  density, 
this  factor  must  be  considered  in  making  cost  comparisons  with  different  methods. 
At  a  harvest  density  of  200  cartons  per  acre  (approximately  the  average  for  the 
industry  during  the  period  of  the  field  studies),  the  hourly  rate  machine-pack 
method  had  the  lowest  unit  costs — 63,3  cents  per  carton.    This  is  3.3  cents  per 
carton  less  than  with  the  trailer-pack  method  and  2.3  cents  per  carton  less  than 
with  the  ground-pack  method.    About  the  same  relationships  apply  at  the  high 
harvest  density  of  200  cartons  per  acre.    With  a  low  harvest  density  of  only 
100  cartons  per  acre,  however,  unit  costs  are  lowest  with  the  ground-pack  method — 
70,  ii  cents  per  carton.    This  is  0,2  cent  per  carton  lower  than  with  the  machine- 
pack  method  and  3.3  cents  per  carton  less  than  with  the  trailer-pack  method. 
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FIGURE  5.    The  Effect  of  Work  Method,  Wage  Plan,  and  Harvest 
Density  on  Costs  of  Field  Packing,  Precooling,  and  Loading 
Two-Dozen-Size  Cartons  of  Lettuce  in  the  Salinas- 
Wat  sonville  Area,  California,  in  1953-54 
(Excluding  General  Overhead  Costs) 
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The  principal  saving  in  costs  vdth  the  machine  method  relative  to  the 
ground  method  occurs  in  the  harvesting  and  packing  labor.    This  advantage  is 
partly  offset  by  additional  costs  of  operating  labor,  repairs,  and  fuel,  and 
fixed  charges  for  equipment.    Vi/ith  the  trailer-pack  method,  harvesting  and 
packing  labor  costs  are  still  low  relative  to  the  ground-pack  method.  However, 
because  of  high  equipment  costs  in  relation  to  the  rate  of  crew  output,  total 
unit  costs  with  the  trailer  method  are  high  relative  to  other  methods. 

Effect  of  the  Piece-Rate  Wage  Plan 

The  results  of  studies  of  packing  under  the  piece-rate  wage  plan  shown  in 
Table  k  and  Figure  $  indicate  total  unit  costs  to  be  66.8  cents  for  the  ground- 
pack  method,  66.5  cents  for  the  machine-pack  method,  and  67.8  cents  for  the 
trailer-pack  method  at  a  harvest  density  of  200  cartons  per  acre.  Relatively 
little  variation  in  unit  costs  due  to  changes  in  harvest  density  is  shown  for 
any  of  the  methods.    The  lack  of  variation  in  costs  with  respect  to  method  or 
harvest  density  is  due  largely  to  the  fact  that  all  the  harvesting  and  packing 
labor  costs  with  the  piece-rate  plan  were  established  at  fixed  rates  per  car- 
ton, which  did  not  vary  with  harvest  density,  and  were  subject  to  only  minor 
variation  among  the  various  work  methods.    With  the  piece-rate  wage  plan,  there- 
fore, the  main  sources  of  change  in  unit  costs,  as  harvest  density  varies,  are 
the  fixed  charges  and  operating  labor  for  equipment,  and  these  effects  are  not 
large.    VJhen  the  two  wage  plans  are  compared,  costs  with  the  hourly  rate  plan 
are  lower  with  all  methods,  except  at  low  harvest  densities. 

Effect  of  length  of  Harvest  Strip 

The  results  presented  in  Table  k  are  based  on  harvest  strips  1,000  feet 
long,  approximately  the  average  for  all  fields  studied.    Considerable  variation 
in  length  of  strip  was  observed.    As  the  strip  becomes  shorter,  a  higher  propor- 
tion of  crew  time  per  strip  is  devoted  to  turning  around  so  that  crew  produc- 
tivity is  reduced  and  costs  rise. 

The  effect  of  length  of  strip  is  not    significant  with  ground-pack  crews. 
With  machine  crews,  however,  this  effect  is  important,  especially  at  lower  har- 
vest densities.    At  a  harvest  density  of  100  cartons  per  acre,  with  a  500-foot 
strip,  and  a  5-niinute  allowance  for  turn -around  time,  labor  and  equipment  costs 
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(total  costs  less  packaging  materials  and  precooling)  are  22  per  cent  higher 
than  they  are  with  a  strip  1,000  feet  long.    As  harvest  density  increases,  this 
effect  decreases  rapidly,  and  at  a  harvest  density  of  200  cartons  per  acre,  the 
difference  in  costs  is  only  6  per  cent.    At  a  harvest  density  of  250  cartons  per 
acre,  the  difference  is  k  per  cent. 

With  the  trailer-pack  method  at  a  harvest  density  of  100  cartons  per  acre 
on  a  500-foot  strip  and  with  a  allowance  for  turn-around  time,  labor 

and  equipment  costs  are  6  per  cent  higher  than  they  are  with  a  1,000-foot  strip. 
Vath  a  harvest  density  of  200  cartons  per  acre,  the  difference  is  h  per  cent 
and  at  a  harvest  density  of  250  cartons,  3  per  cent. 

Field-packing  machines,  developed  since  these  studies  have  been  made,  are 
reported  to  have  greatly  reduced  the  amount  of  time  required  in  turning  at  the 
end  of  harvest  strips.  Such  improvements  would  reduce  the  effect  of  length  of 
strip. 

COSTS  IN  OTHER  DISTRICTS 

The  cost  data  shown  in  Table  k  ?nd  illustrated  in  Figure  5  are  based  on 
conditions  typical  of  the  Salinas-liatsonville  district  in  California.    In  the 
vanter  lettuce  districts,  hourly  wage  rates  for  harvesting  and  packing  labor 
are  about  20  per  cent  lower,  and  the  packing  season  is  shorter.    Table  $  and 
Figure  6  show  the  results  of  adjusting  the  cost  calculations  for  the  Salinas- 
Yfetsonville  district  to  wage  levels  and  length  of  season  applicable  to  the  win- 
ter lettuce  areas. 

Equipment  costs  are  based  on  a  720-hour  operating  season  rather  than  the 
l,280-hour  season  used  in  the  computations  for  the  Salinas-iatsonville  district 
(see  Appendix  Tables  G  and  H  for  details).    Piece-rate  crews  and  certain  jobs 
with  hourly  rate  crews  received  the  same  rate  paid  for  comparable  work  in  the 
Salinas-Watsonville  district  and  no  adjustment  was  required.     Necessary  adjust- 
ments in  wage  rates  on  other  jobs  were  made  in  computing  labor  costs.  (The 
wage  ratee  used  are  shora  in  footnote  d,  Table  5. 

The  shorter  season  in  the  vfinter  areas  tends  to  make  the  unit  fixed  costs 
of  eqijipment  high  relative  to  the  Salinas-VJatsonville  district,  while  lower  wage 
rates,  with  hourly  vfage  crews,  tend  to  make  harvesting  and  packing  labor  costs 
lower.    With  piece-rate  crews,  harvesting  and  packing  labor  costs  are  the  same 
in  both  areas. 


TABLE  ^ 


The  Effect  of  Work  Method,  Wage  Plan,  and  Harvest  Density  on  Cost  of  Labor  and  Equipment 
for  Field  Packing  Two-Dozen-Size  Cartons  of  Lettuce  in  the 
El  Centro,  California-Phoenix,  Arizona  Areas  in  1953-5U 
(Excluding  General  Overhead  Costs) 


jabor  and  equipmen' 


Method^/ 


HOURET  RATE;-/ 
Ground  pack 


Machine  pack 


Trailer  pack 


fJECE  RATE:-/ 
Groimd  pack 

Machine  pack 


Trailer  pack 


Harvest 

density, 

cartons 

acre-' 


100 
1^0 
200 
2^0 

100 
150 
200 
250 

100 
1$0 

200 
250 

200 
100 

150 

200 
250 

lOO 

150 

200 
250 


Output, 
cartons 
per 
packer 
hour£/ 


17.7 
19.1 
21.2 
23.2 

25.9 
30.8 
33.il 
35.3 

27.0 
31.0 
33.5 
35.3 


35.8 

li9.2 
53.5. 


Harvest- 
ing and 
packing 
labor 


Equip- 
ment op- 
erating 

labor 


Fuel, 
repairs, 
and 
tires 


Fixed 
costs 

of 
equip- 
ment 


cen 


Super- 
vision 


Subtotal 


17.8 
16.2 
lU.8 
13.7 

16.8 
II4.0 
12.6 
11.7 

17.5 
lii.8 
13.6 
12,9 

20.8 


19.8 


20.2 


2.0 
1.9 
1.7 
1.6 

2*8 

2.3 
2.1 

1.9 

3.3 
2.8 
2.6 
2.5 

1.1 

1.9 
1.6 

1.5 
1.5 

2.I1 
2.0 
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1.6 
l.U 
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1.9 
1.7 
1.6 

2.7 
2.3 
2.1 
2,0 

.8 

1.6 
1.3 
1.3 

1.3 

2.0 
1.6 
l.li 
1.3 


2.8 
2.5 
2.3 
2.1 

lt.6 
3.8 

3.2 

5.3 

i.  .5 

ii.  l 
3.9 


1.7 

3.1 
2.7 
2.5 
2.5 

3.9 
3.2 
2.8 
2.6 


>s  per  carton 


packaging  and  service 


Cartons 

and 
staples 


Pre- 
cooling 

and 
loading 


1.2 
1.1 
1.0 
.9 

.8 
.7 

.6 
.6 

1.6 

1.3 
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1.2 

.7 

.6 
.5 
.5 

.5 

1.1 
.9 
.8 
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27.: 
22. 7i 
20.1i( 

19. o| 
30.ll\ 
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23.6/ 

22. 5) 


27.0 
27.0 

27.0 

27.0 
27.0 

27.0 


15.0 
15.0 

15.0 

15.0 
15.0 

15.0 


(Continued  on  next  page.) 


Table  5  continued. 


a/  Crew  organizations  and  output  rates  are  the  same  as  shoum  for  the  Sallnas-Watsonville  district  in  Tables  1  and  2, 
b/  Harvest  density  is  defined  as  the  number  of  cartons  harvested  per  acre  in  a  given  cutting, 
c/  Output  per  packer  hour  is  obtained  by  dividing  crew  output  by  the  nmber  of  packers. 

d/  The  following  aie  the  wages  paid  hourly  rate  crews  in  the  winter  lettuce  districts:    Row  boss — $0,90;  cutter- 
trimmers,  packers,  carton  distributors,  carton  closers  (ground  pack),  empty  carton  folders,  packed  carton  folders 
(machine  pack),  loaders — $0,70;  and  carton  stitchers,  carton  closers  (machine  pack) — |1«575« 

e/  Piece-rate  crews  are  paid  on  the  same  basis  as  in  the  Salinas-Watsonville  district. 
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FIGURE  6.    The  Effect  of  Work  Method,  Wage  Plan,  and  Harvest 
Density  on  Costs  of  Field  Packing,  Precooling,  and  Loading 
Tvro-Dozen-Size  Cartons  of  Lettuce  in  the  El  Centre, 
California-Phoenix,  Arizona,  Areas  in  1955-54 
(Excluding  General  Overhead  Costs) 
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The  cost  data  for  the  winter  lettuce  areas  (Table  $)  show  that  with  hourly- 
rate  crews  and  an  average  harvest  density  of  200  cartons  per  acre,  the  costs  per 
carton  in  the  virinter  lettuce  areas  range  from  1.0  cent  to  2,5  cents  less  than  in 
the  Salinas-Watsonville  area.    On  the  other  hand,  costs  with  piece-rate  crews 
range  from  0,3  cent  to  1,2  cents  per  carton  more  than  in  the  Salinas-Watsonville 
area  since  the  fixed  costs  of  equipment  per  field  hour  are  higher  in  the  winter 
districts  while  labor  and  other  costs  are  the  same. 

Table  5  shows  that,  as  in  the  Salinas-Watsonville  district,  the  hourly  rate 
machine  method  again  has  the  lowest  cost — 62, U  cents  per  carton — at  a  harvest 
density  of  200  cartons  per  acre.    This  is  3.2  cents  less  than  the  hourly  rate 
trailer  method  but  only  0.7  cent  less  than  the  hourly  rate  ground-pack  method. 
At  a  high  harvest  density  of  200  cartons  per  acre,  these  differences  are  3.5 
cents  and  0.5  cent,  respectively.    At  a  low  harvest  density  of  100  cartons  per 
acre,  the  hourly  rate  ground-pack  method  has  the  lowest  cost  per  carton — 67. U 
cents.    This  is  1.9  cents  less  than  the  machine-pack  hourly  method  and  5.0  cents 
less  than  the  trailer-pack  method. 

With  piece-rate  crews,  total  unit  costs  at  a  harvest  density  of  200  car- 
tons per  acre  are  67.1  cents  for  the  ground-pack  method,  67.6  cents  for  the 
machine-pack  method,  and  69,.0  cents  for  the  trailer  method.    The  variation  in 
unit  costs  with  respect  to  method  and  harvest  density  is  small  because,  as  in 
the  Salinas-Watsonville  district,  harvesting  and  packing  labor  was  paid  at  a 
fixed  rate  per  carton  which  was  subject  to  only  minor  variation  among  the  methods. 

COST  REDUCTION  POSSIBILITIES 

Two  possibilities  for  reducing  the  costs  of  field  packing  western  head  let- 
tuce are  presented  in  the  following  sections.    One  involves  the  selection  of 
the  most  economical  method,  in  regard  to  operating  conditions,  from  the  several 
methods  now  being  employed;  the  second  involves  the  improvement  of  methods  and 
equipment  now  being  used  through  redesign  of  equipment  and  reorganization  of 
the  crew. 

Choice  of  Present  Methods 

With  hourly  rate  crews  in  the  Salinas-Watsonville  district,  the  machine- 
pack  method  is  lowest  in  cost  in  the  range  of  harvest  densities  of  slightly 
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above  100  to  250  cartons  per  acre  (Figure  5),    At  a  low  harvest  density  of  100 
cartons  per  acre,  the  ground-pack  method  is  the  lowest  in  cost  per  carton.  The 
trailer-pack  method  is  the  high-cost  method  at  all  levels  of  density.  Expressed 
on  a  car lot  basis, the  saving  with  the  machine  method  over  the  ground-pack  method 
is  $17  per  car lot  (6i;0  cartons)  when  the  harvest  density  averages  200  cartons 
per  acre,    A  similar  comparison  with  the  trailer  method  indicates  savings  with 
the  machine  method  of  5i>23  per  car  lot.    Therefore,  a  change  to  the  ssachine 
method  by"  shippers  using  either  the  ground-  or  trailer-pack  method  would  result 
in  sizable  cost  reductions  in  the  Salinas-Wats onvi lie  district. 

In  the  winter  lettuce  districts^  the  machine  method,  with  hourly  rate  crews, 
again  has  the  lowest  costs  for  harvest  densities  of  approximately  125  cartons 
per  acre  or  greater,  and  the  trailer-pack  method  has  the  highest  costs  at  all 
densities  (see  Figure  6).    At  an  average  harvest  density  of  200  cartons  per  acre, 
the  saving  with  the  machine  method  amounts  to  roughly  $h.SO  per  car  when  compared 
with  the  ground-pack  method  and  $20.50  per  car  when  compared  with  the  trailer- 
pack  method. 

Except  at  low  harvest  densities,  costs  per  carton  with  a  piece-rate  wage 
plan  were  higher  with  all  methods  than  with  an  hourly  rate  wage  plan. 

Possible  Improvements  in  Method  and  Equipment 

The  results  of  this  study  indicate  a  cost  advantage  for  the  machine  method 
of  field  packing.    Analysis  of  the  present  machine-pack  method  indicates,  how- 
ever, that  improved  machine  design  and  reorganization  of  the  crew  may  increase 
efficiency  and  lower  costs  still  more.    The  possibilities  for  improvement  stem 
largely  from  reducing  the  effects  of  variations  in  harvest  density  and  the  elimi- 
nation of  the  pickup  operation. 

Three  characteristics  of  the  field-packing  operations  make  variations  in 
output  rates  of  the  cutter- trimmers  and  pickup  jobs  an  important  factor  in  over- 
all crew  efficiency.    First,  during  the  field-harvesting  and  packing  process, 
variation  in  harvest  density  is  continuous.    It  occurs  between  different  fields, 
between  different  harvest  strips  in  a  given  field,  and  within  a  given  strip. 
Second,  the  continuous  nature  of  variations  in  harvest  density  makes  it  feasible 
to  adjust  crew  organization  to  it  only  when  changes  in  the  general  level  of  har- 
vest density  prevail  for  a  period  of  several  days.    Third,  with  a  fixed  crew 
organization,  variation  in  rate  of  flow  of  lettuce  from  the  cutter-trimmers  and 
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and  pickup  groups  means  that  the  remaining  workers — whose  potential  output  is 
not  affected  by  variations  in  harvest  density — rarely  are  in  "harmony"  with 
these  two  groups.    Most  of  the  time,  the  flow  of  lettuce  is  either  too  small 
to  keep  other  workers  fully  occupied,  or  certain  workers  are  overloaded. 

The  above  difficulties  in  harmonizing  the  efforts  of  the  several  groups 
of  workers  are  magnified  by  conditions  of  field  layout  and  operating  procedures 
noviT  followed  with  the  machine-pack  method.    This  involves  fixed  crew  assignments 
whereby  the  output  of  two  cutter- trimmers  is  channeled  through  one  pickup  man 
to  a  single  packer.    Kith  this  arrangement,  variations  in  harvest  density  between 
planting  beds  in  the  harvest  strip  have  an  important  effect.    In  an  extreme  case, 
for  example,  harvest  density  may  be  high  for  one  pickup  man  and  low  for  all 
others.    Since  the  forward  speed  of  the  machine  is  governed  by  the  high  density 
row,  the  remaining  pickup  men  are  underutilized  and  crew  efficiency  is  reduced. 

Some  possibilities  of  improving  crew  integration  and  performance  are  de- 
veloped in  Table  6.    The  data  apply  to  an  average  harvest  density  of  200  car- 
tons per  acre.    Two  measures  of  output  rate,  "potential"  and  "realized"  output 
per  crew  hour,  are  shown  in  Table  6.    The  potential  output  rates  per  crew  hour 
for  each  job  were  obtained  by  multiplying  the  production  standards  per  man-hour 
(Table  1)  by  the  number  of  workers  per  job.    ¥i/ith  the  present  machine-pack 
method,  for  example.  Table  6  indicates  a  potential  crew  output  for  the  cutter- 
trimmer  job  of  267  cartons  per  hour.    For  the  remaining  jobs  with  this  method, 
crew  output  rates  range  from  262  cartons  per  hour  for  the  pickup  crew  to  hkh 
cartons  for  the  loading  crew. 

Since  the  process  is  essentially  one  of  continuous  flow  between  jobs,  the 
over-all  crew  output  is  determined  by  the  output  rate  on  the  "bottleneck"  job. 
With  the  present  machine-pack  method,  this  is  the  pickup  operation  at  262  car- 
tons per  hour,  and  this  rate  is  the  realized  rate  in  all  other  job  categories. 
From  Table  6,  it  is  clear  that  actual  performance  on  jobs  for  which  the  poten- 
tial rate  exceeds  the  realized  rate  involves  a  higher  proportion  of  nonproductive 
time  than  is  provided  by  the  allowances  used  in  estimating  potential  output  per 
man-hour.    On  some  jobs,  these  actual  nonproductive  time  percentages  are  quite 
high,  ranging  from  10  per  cent  for  the  cutter- trimmer  job  to  kl  per  cent  for 
the  loading  job. 

One  type  of  possible  improvement  in  the  existing  machine-pack  method  is 
evident  in  Table  6.    This  is  better  integration  of  the  crew  so  as  to  reduce  the 


TABLE  6 


Operations  Performed  and  Labor  Utilization  Data  for  Present 
and  Proposed  Machine-Pack  Methods  of  Field  Packing  Head  Lettuce 
(Harvest  Density,  200  Cartons  Per  Acre),  California-Arizona,  1953-54 


Machine-pack  method 

Present 

Proposed 

Output,  cartons  per 

Per 

cent 

Output,  cartons  per 

Per 

cent 

Number 

crew 

hour 

delay 

Number 

crew 

hour 

delay 

Operations 

of  men 

Potential 

Realized 

oT/anaara. 

ACTiUaJ. 

of  men 

Potential 

Realized 

Standard 

ActrUax 

Cut  and  trim 

16 

267 

262 

8 

10 

T  Q 

301 

301 

8 

8 

r^xCKUp 

8 

262 

262 

12 

12 

(not  required) 

Pack 

8 

510 

262 

20 

33 

8 

310 

301 

20 

23 

Close  carton 

Fold  top 

2 

368 

262 

10 

39 

2 

358 

301 

10 

31 

Staple 

1 

363 

262 

10 

38 

1 

363 

301 

10 

30 

Assemble  cartons 

Fold 

1 

429 

262 

10 

45 

1 

429 

301 

10 

37 

Stitch 

1 

549 

262 

10 

32 

1 

349 

301 

10 

23 

Load 

2 

444 

262 

10 

47 

2 

444 

301 

10 

40 

Haul 

2 

288 

262 

2 

510 

301 

I 
I 


i 


i 


I 


29. 


nonproductive  time  on  certain  jobs.    Three  other  possibilities  not  evident  in 
Table  6  are:    (1)  the  elimination  of  the  pickup  jobj  (2)  the  more  even  distri- 
bution of  the  harvested  lettuce  among  the  packers;  and  (3)  the  provision  of  a 
reserve  supply  of  lettuce  so  as  to  maintain  a  steady  supply  to  all  packers  de- 
spite variations  in  harvest  density  over  the  strip. 

Assuming  that  the  present  eight-man  packer  unit  is  retained,  the  following 
changes  in  equipment  design  and  crew  organization  would  be  required  to  achieve 
the  above  objectives:    (1)  increased  capacity  in  the  cutter- trimmer  crew  to  a 
level  more  nearly  equal  to  the  potential  output  rate  of  the  packers;  (2)  provi- 
sion of  a  conveyor  system  that  would  carry  trimmed  heads  directly  from  the  cutter- 
trimmers  to  the  packers  and  that  would  perform  this  work  without  significant  dam- 
age to  the  lettuce  and  without  appreciable  decrease  in  the  cutter-trimmer  output 
rates  per  man-hour;  and  (3)  provision  of  a  small  reserve  storage  capacity  either 
on  the  conveyor  or  at  the  individual  packing  stations. 

The  effects  on  crew  organization  and  output  rates  that  would  follow  the 
changes  described  above  are  shown  by  comparison  of  the  output  data  given  for 
the  proposed  method  in  Table  6  with  that  for  the  existing  method.    These  effects 
include:    elimination  of  8  pickup  men;  increase  in  the  number  of  cutter- trimmers 
from  16  to  18  men;  adjustment  of  realized  output  per  crew  hour  for  all  jobs  from 
262  cartons  per  hour  to  301  (the  capacity  rate  for  the  cutter- trimmers);  and  re- 
duction in  the  percentage  of  actual  idle  time.    For  example,  nonproductive  time 
for  packers  vrould  be  reduced  from  33  to  23  per  cent,  for  loaders,  from  1+7  to  hO 
per  cent,  and  similarly  for  other  jobs. 

Description  of  Proposed  Equipment 

1/ifhile  several  machines  have  been  visualized  that  would  incorporate  the  fea- 
tures presumed  necessary  to  attain  the  above  objectives,  the  description  that 
follows  is  limited  to  one  machine.    It  involves  a  conveyor  system  integrated 
with  a  truck-mounted  packing  unit. 

Conveyor  System. — A  main  conveyor,  similar  in  concept  and  over-all  dimen- 
sion to  field  conveyors  used  in  harvest  for  house  pack,  would  extend  at  right 
angles  from  the  packing  unit.    It  would  cover  a  harvest  strip  11;  beds  wide. 
Projecting  from  the  front  of  the  conveyor  and  parallel  to  the  harvest  beds 
would  be  seven  stub  conveyors  (approximately  6  feet  in  length)  and  from  the 
rear  six  stub  conveyors.    Fourteen  cutter- trimmers,  each  man  in  a  furrow,  would 
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work  in  front  of  the  main  conveyor,  and  four  would  work  behind  it.    Each  man 
working  in  front  would  cut  and  trim  lettuce  from  the  rows  adjacent  to  each  side 
of  his  furrow.    Trimmed  heads  would  be  placed  on    the  nearest  stub  conveyor 
which  would  carry  them  to  the  main  conveyer  for  transport  to  the  packing  unit. 
Those  men  working  behind  the  conveyor  would  vary  their  positions  to  assist  slow 
workers  or  men  working  in  beds  of  relatively  high  harvest  density.    Since  it  is 
customary  to  remove  only  the  outside  wrapper  leaves  in  the  field-packing  opera^- 
tion,  it  is  presumed  that  a  carefully  designed  conveyor  system  could  deliver 
the  lettuce  to  the  packing  unit  without  significant  damage. 

Packing  IMit. — The  packing  unit  to  which  the  conveyor  is  attached  would  be 
mounted  on  a  special  wide- tread  truck.    One  of  its  components  would  be  a  rotat- 
ing tub  around  which  eight  packers  would  be  stationed.    Lettuce  from  the  cutter- 
trimmers  would  be  deposited  in  the  tub  by  the  conveyor  system  described  above. 
The  bottom  of  the  tub  would  have  an  inverted  cone  shape  so  that  the  lettuce  de- 
posited would  roll  to  the  outside  for  easy  access  by  the  packers.    The  tub 
would  provide  enough  storage  space  to  level  out  the  effects  of  variations  in 
flow  of  lettuce  from  the  cutter- trimmers.    When  the  rate  of  flow  is  large,  let- 
tuce would  be  accumulated  in  the  tub,    Vilhen  the  flow  of  lettuce  is  small,  pack- 
ers could  draw  on  the  accumulated  supply. 

Other  components  on  the  machine  are  the  carton-assembly  and  carton-closing 
units  which  would  be  similar  in  all  respects  to  those  on  present  machines. 

Possibilities  of  Cost  Reduction  With  the  Proposed  Method 

It  must  be  emphasized  that  the  machine  described  in  the  previous  section  is 
purely  hypothetical.    However,  since  many  of  its  characteristics  would  be  simi- 
lar to  the  present  types  of  equipment,  its  construction  appears  feasible  and 
should  not  result  in  initial  cost  much  different  from  that  of  the  present  ma- 
chine.   Hence,  in  the  discussion  that  follows,  it  will  be  assumed  that  the  cur- 
rent replacement  cost  of  both  machines  is  the  same.    Further,  it  is  assumed  that 
that  operating  costs  (fuel,  repair,  and  tires)  and  operating  labor  costs  (high- 
iray  truck  drivers  and  machine  drivers)  are  also  the  same. 

With  the  above  assumptions,  costs  with  the  present  machine-pack  method  and 
the  proposed  method,  described  in  Table  6,  are  presented  in  Table  7  and  illus- 
trated in  Figure  7.    The  total  costs  per  field  hour  £rom  which  the  unit  costs 
in  Table  7  are  derived  are  shown  in  the  footnotes.    The  difference  in  harvesting 
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TABLE  7 

The  Effect  of  Work  Method  and  Harvest  Density  on  Cost  of  Labor  and 
Equipment  for  Field  Packing  Two-Dozen-Size  Cartons  of  Lettuce 
(Excluding  General  Overhead  Costs)V 


Equipmeni 

— — — — 

Harvest 
density 

Output , 
cartons 
per  crew 
hour 

Harvest- 
ing and 
packing 
labor 

Operat- 
ing 
labor 

Fuel 
and 
repair 

Fixed 
cost 

super- 
vision 

Subtotal 

Cartons 

and 
staples 

Precool 

Total 

cents 

Present  method^'^ 

100 

196 

20.1 

2.8 

2.3 

2.6 

0.8 

28.6 

70.6 

150 
200 

236 
262 

16.7 
15.0 

2.3 
2.1 

1.9 
1.7 

2.1 
1.9 

0.7 
0.6 

23.7 
21.3 

27.0 

15.0 

65*7 
63.3 

250 

282 

lli.O 

1.9 

1.6 

1.8 

0.6 

19.9 

61.9 

c/ 

Proposed  methodr-' 

100 

2U5 

13.7 

2.2 

1.8 

2.0 

0.7 

20,h 

62.1i 

150 

200 

279 
301 

12.0 
11.1 

1.9 
1.8 

1.6 
1.5 

1.8 
1.7 

0.6 
0.5 

17.9 
16.6 

27.0 

15.0 

59.9 
58.6 

250 

310 

10.8 

1.7 

l.h 

1.6 

0.5 

16.0 

5a.o 

a/  Based  on  prices  of  labor  and  equipment  appropriate  to  the  Salinas-Watsonville  district. 


b/  Costs  per  crew  hour  for  various  categories  are  as  follows:    harvesting  and  packing  labor,  $39.UO;  equipment  operat- 
ing labor,  #5.Ul;  fuel,  repair,  and  tires,  $U.50;  fixed  costs,  $5.0ii;  and  supervision,  $1.61i. 

c/  Costs  per  crew  hour  for  various  categories  are  the  same  as  in  footnote  b    except  that  harvesting  and  packing  labor 
is  $33.57. 
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Harvest  density  -  cartons  per  acre 


FIGURE  7.    The  Effect  of  Variation  in  Method  and  Harvest  Density 
on  Cost  Per  Carton  for  Field  Packing  Two-Dozen-Size  Cartons 
of  Lettuce,  Using  Machine-Pack  Equipment  in  the 
Salinas-V/atsonville  Area,  California,  in  1953-54 
(Excluding  General  Overhead  Costs) 


33. 


and  packing  labor  costs  per  hour  (^39.iiO  for  the  present  method  compared  with 
$33.57  i-'or  the  proposed  method)  reflects  the  net  reduction  of  six  men  (the  elimi- 
nation of  eight  pickup  men  and  the  addition  of  two  cut ter- trimmers )  with  the 
proposed  method. 

The  table  indicates  that  unit  costs  would  be  less  at  all  harvest  densities 
with  the  proposed  equipment  than  with  the  present  machine  method.    Since  unit 
costs  decrease  more  rapidly  with  the  present  than  with  the  proposed  method  as 
harvest  density  increases  (see  Fig-ure  7)>  the  cost  difference  between  the  two 
methods  is  greater  with  low  than  with  high  harvest  densities.    For  example,  at 
a  harvest  density  of  200  cartons  per  acre,  the  costs  per  carton  with  the  pro- 
posed method  would  be  U, 7  cents  (|30  per  carload)  less  than  with  the  present 
method.    At  a  lower  harvest  density  of  100  cartons  per  acre,  cost  per  carton 
with  the  proposed  method  is  8.2  cents  ($52  per  carload)  less  than  with  the  pres- 
ent method. 

Even  greater  potential  savings  in  cost  are  indicated  when  the  proposed 
method  is  compared  ;vith  the  ground-pack  method.    At  a  harvest  density  of  200 
cartons  per  acre,  for  example,  the  cost  per  carton  with  the  proposed  method 
would  be  7.0  cents  (^kk  per  carload)  less  than  with  the  ground-pack  method. 
At  a  low  harvest  density  of  100  cartons  per  acre,  the  differences  per  carton 
would  be  8.0  cents  ($51.20  per  carload)* 

HVhile  the  above  compariams  show  substantial  possibilities  of  cost  reduc- 
tion with  the  proposed  method,  the  results  hinge  on  the  assumptions  discussed 
earlier.    These  assumptions  are  believed  to  represent  a  reasonable  extension  of 
the  data  from  studies  of  existing  equipment,  but  their  validity  can  be  tested 
only  by  studies  of  operations  incorporating  the  changes  in  method  suggested. 
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The  basic  data  and  calculations  on  which  the  preceding  analysis  rests  are 
summarized  in  this  appendix.    These  data  include  the  unit  labor  requirements  and 
capacity  output  rates  on  various  jobs,  a  summary  of  allovtrances  for  nonproductive 
time  in  the  various  labor  categories,  production  standards  for  hauling  operations 
and  estimates  of  replacement  costs,  annual  fixed  charges,  and  hourly  operating 
expense  for  field-packing  and  hauling  equipment.    In  addition,  estimates  of  har- 
vesting and  packing  labor  cost  per  crew  hour  are  given  for  the  different  methods 
studied.    Crew  costs  per  hour  are  based  on  the  typical  crevi  organization  with 
each  method  shown  in  Tables  1  and  2. 

The  appendix  includes  the  follov^ing  tables.    Details  of  the  calculations 
are  given  in  the  footnotes  to  each  table. 
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APPENDIX  TABLE  A 


Unit  Labor  Reqiiirements  and  Capacity  Rate  Per  Hovir  for 
Various  Field-Packing  Operations — ^Hourly  Rate  Wage  Plan 


Method 

Ground  pack 

Machine  pack 

Trailer  pack 

Net 
time 

Gross 
times/ 

Output 
per 

Gross 

Output 
per 
man— nour 

Net 
time 

Gross 
timea/ 

Output 
per 
roan— hour 

man-minutes 
per  carton 

cartons 

man-mj 
per  c£ 

Lnutes 
irton 

cartons 

man-minutes 
per  carton 

cartons 

Cut  and  trim 

100 

6.134 

6.582 

9.1 

3.958 

4.427 

13.6 

3.958 

4.427 

13.5 

150 

5.703 

6.111 

9.8 

3.506 

3.864 

15.5 

3.506 

3.864 

15.5 

200 

5.277 

5.651 

10.6 

3.281 

3.584 

16.7 

3.781 

3.584 

16.7 

OCA 

4,o4d 

5.154 

XX.  o 

'Z    1  AC 

o.X4b 

0.416 

17.6 

3.145 

3.416 

17.6 

Pack 

100 

3.072 

3.388 

17.7 

150 

2.819 

3.092 

19,4 

200 

2.567 

2.810 

(cX.^t 

X.<COD 

T    c  yi  c 
X.045 

38,8 

1,236 

1.545 

38.8 

2.315 

2.576 

23.8 

Pickup 

100 

2.058 

2.448 

24,5 

2.058 

2.318 

150 

1.762 

2.034 

29,5 

1.762 

1.947 

30.8 

200 

1.614 

1.827 

32.8 

1.614 

1.762 

34.1 

250 

1.525 

1.650 

36,4 

Assemble  carton 

r  OxO. 

.126 

.140 

429.0 

,126 

.140 

429.0 

stitch 

.155 

,172 

349.0 

,155 

.172 

349.0 

.368 

.409 

147.0 

Close  carton 

Fold 

.277 

.325 

184,0 

.225 

.265 

226.4 

Staple 

.669 

.787 

76.2 

.141 

.165 

363.0 

.210 

.247 

242,9 

Load 

200. Oc/ 

.243 

.270 

222.0 

,304 

.338 

178.0 

Distribute  carton 

160. Oc/ 

(Continued  on  next  page,)  * 
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Appendix  Table  A  continued, 

a/  See  Appendix  Table  C  for  nonproductive  time  allowances  included  in  gross  time, 
b/  Production  standards  are  unaffected  by  harvest  density, 

c/  Studies  of  this  job  were  conducted  in  a  way  which  did  not  permit  separation  of  productive  time  from  nonproductive 
time.    Thus,  only  gross  average  time  could  be  computed. 
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Unit  Labor  Requirements  and  Capacity  Rate  Per  Man-Hour  for 
Various  Field-Packing  Operations — Piece-Rate  Wage  Plan 


Method 

Ground  pack 

Machine  pack 

Trailer  pack 

Harvest 
density 

Net 
time 

Gross 
time^/ 

Output 
per 
man-hour 

Net 
time 

Gross 
timef/ 

Output 
per 
man-hour 

Net 
time 

Gross 
timey 

Output 
per 
man-hour 

man-ma 
per  c£ 

mutes 
irton 

cartons 

man-minutes 
per  carton 

cartons 

man-minutes 
per  carton 

cartons 

Cut  and  trim 

100 
150 
200 

3.112 

3.530 

16.9 

3.001 
2.489 
2.234 

3.356 
2.740 
2.434 

17.9 

24.6 
26.7 

3.001 
2.489 
2.234 

C.UOJL 

3.356 
2.740 
2.434 

17.9 

91  Q 
24.6 
26.7 

Pack 

100 

150 
200 

1.445 

1.660 

36.1 

1.020 

1.275 

47.0 

1.020 

1.275 

47.0 

250 

Pickup 

100 

200 
250 

1.317 
1.131 
1.038 
.982 

1.553 
1.296 
1.168 
1.090 

38.6 
46.3 
51.4 
55,0 

1.317 
1.131 
1.038 
.982 

1.553 
1.296 
1.168 
1.030 

38.6 
46.3 
51.4 
55,0 

Assemble  carton 
Fold 
Stitch 

Close  carton 
Fold 
Staple 

* 

.098 
.098 

.555 

.109 
.109 

.653 

550.0 
550.0 

92.0 

.098 
.098 

.194 
.114 

.109 
.109 

.216 
.127 

550.0 
550.0 

282,0 
472.0 

.242 

.186 
.213 

.269 

.207 
.236 

223.0 

289.0 
262.0 

Load 

Distribute  carton 

282.0£/ 
248.05/ 

.200 

.222 

270.0 

.274 

.304 

197,0 

(Continued  on  next  page,)  7^ 


Appendix  Table  B  continued, 

a/  See  Appendix  Table  C  for  nonproductive  time  allowances  included  in  gross  time, 
b/  Production  standards  are  unaffected  by  harvest  density, 

c/  Studies  of  this  job  were  conducted  in  a  way  that  did  not  permit  separation  of  productive  time  from  nonproductive 
time.    Thus,  only  gross  average  times  could  be  computed. 
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APPENDIX  TABLE  C 


Nonproductive  Time  Allowances  for  Three  Methods  of  Field  Packing 
With  Both  Hoiu?ly  Rate  and  Piece-Rate  Wage  Plans 


Turn-around  time  per  strip 

Delay  and  personal  time 

Ground 

Machine 

Trailer 

Ground 

Machine 

Trailer 

pack 

pack 

pack 

pack 

pack 

pack 

minutes 

per  cent 

HOURLY  RATE* 

Cutter-tr immer s 

2.0 

2.0 

2.0 

5.0 

5.0 

5.0 

Pickup 

2.0 

5.0 

3.0 

3.0 

3.0 

Packers 

7.5 

20.0 

20.0 

Carton  assembling 

10.0 

10.0 

10.0 

Carton  closing 

15.0 

10.0 

10.0 

Loading 

10.0 

10.0 

PIECE  RATE: 

Cutter-tr  iajmer  s 

5.6 

2.0 

2.0 

8.0 

3.0 

3.0 

Pickup 

3.0 

3.0 

3.0 

3.0 

Packers 

5.6 

9.0 

20.0 

20.0 

Carton  assembling 

10.0 

10.0 

10.0 

Carton  closing 

15.0 

10.0 

10.0 

Loading 

10.0 

10.0 

iiO. 


APPENDIX  TABLE  D 

Production  Standards  for  Hauling  Operations  With  Three  Methods  of  Field  Packing 

Salinas-Wat sonville  District,  1953-51^/ 


fieir  ves  U 

Round-trip  distance 

xicbiiuu.  \Ji,  pdLCi^xriK 

aensiiiy 

10 

20  I 

30 

cartons  per  ti'uck  hour 

nuuTxy  raue  crew 

vjx  uuncx  pdciv 

J.UU 

206 

178 

156 

1^0 

206 

178 

156 

200 

206 

178 

156 

250 

206 

178 

156 

Machine  pack 

100 

13li 

121 

111 

150 

152 

136 

133 

163 

\Ux 

130 

170 

150 

13li 

Trailer  pack 

100 

83 

78 

71* 

150 

96 

89 

83 

CKjyj 

102 

95 

88 

97 

91 

Piece-rate  crews 

Ground  pack 

2ii3 

201; 

176 

Machine  pack 

100 

171 

151 

135 

150 

192 

167 

liiS 

200 

20ii 

176 

155 

250 

20!i 

176 

155 

Trailer  pack 

100 

107 

99 

92 

150 

12ii 

113 

lOli 

200 

135 

122 

112 

250 

lit2 

128 

116 

(Continued  on  next  page.) 


Appendix  Table  D  continued, 

a/  Production  standards  include  the  following  allowances: 

For  road  time,  waiting  in  the  field,  and  unloading  at  the  precooler  per  truck- 
load; 

Ii5>  60,  and  75  minutes  at  round-trip  distances  of  10,  20,  and  30  miles, 
respectively,  for  all  methods. 

For  loading  time  in  the  fieldt 

Ground-pack,  hourly  rate — i;8  crew  minutes  per  truckload.    Since  with  the 
ground-pack  method  the  hauling  operation  is  not  an  integral  part  of  the 
packing  operation,  loading  time  does  not  vary  with  harvest  density. 

Ground-pack,  piece-rate  crews. — }k.  crew  minutes  per  truckload. 

Machine-pack,  hourly  rate — 98,  81,  73,  and  68  crew  minutes  per  truck- 
load  for  harvest  densities  of  100,  1^0,  200,  and  2^0  cartons  per  acre, 
respectively.    The  loading  operation  with  both  machine  and  trailer  crews 
is  related  directly  to  the  output  of  the  harvesting  and  packing  crew. 

Machine-pack,  piece  rate — 67,  55,  h9j  and  k9  crew  minutes  per  truckload 
at  harvest  densities  of  100,  150,  200,  and  250  cartons  per  acre,  respec- 
tively. 

Trailer-pack,  hourly  rate-«l85,  156,  li;3,  and  157  crew  minutes  per  truck- 
load  at  harvest  densities  of  100,  150,  200,  and  250  cartons  per  acre  re- 
spectively. 

Trailer-pack,  piece  rate— 13lt,  110,  97*  and  90  crew  minutes  at  harvest 
densities  of  100,  150,  200,  and  250,  respectively. 


APPENDIX  TABLE  E 

Harvesting  and  Packing  Labor  Costs  Per  Hour  With  Three  Methods  of  Field  Packing 

Salinas-Watsonville  District,  1953-54 


MP.thnrl 

Hovirly  rate  crews^/ 

Piece-rate 

crews 

Ground 

Machine 

Trailer 

Groun 

d 

Machine 

Trailer 

Minimum 

Minimum 

Minimum 

Num- 

Crew 

Num- 

Grew 

Num- 

Crew 

Num- 

Piece 

crew 

Num- 

Piece 

crew 

Num- 

Piece 

crew 

ber 

cost 

ber 

cost 

cost 

X  Ct  UC? 

cost 

\JXSx 

J.  Om 

cost 

ber 

rate 

cost 

of 

per 

of 

per 

of 

per 

of 

per 

per 

of 

per 

per 

of 

per 

per 

men 

hour 

men 

hour 

men 

hoxu: 

men 

carton 

hour 

men 

carton 

hour 

men 

carton 

hour 

dollars 

dollars 

dollars 

conts 

dollars 

conts 

dollars 

cents 

dollars 

Cut  and  trim 

50 

26.250 

16 

14.000 

8 

7.000 

30 

OP.  OKC^ 
(CO  •  (Cou 

16 

14.000 

8 

7.000 

Bunch  heads 

1 

2 

1.750 

Pick  up  heads 

8 

7.000 

4 

3.500 

8 

7.000 

4 

3.500 

12.250 

8 

1  A  Kr\ 
'X4.0U 

3.500 

Pack  carton 

15 

13.125 

8 

7.000 

4 

3.500 

14 

7,000 

4 

Distribute  empty  carton 

X,  /OU 

o 

1.750 

Fold  packed  carton  top 

2 

1.750 

1 

.875 

2 

1.750 

1 

.875 

Close  and  staple  carton 

A 

4 

3.500 

1 

1.575 

1 

1,5/5 

6 

} 

5,250 

1 

Ul.(d5 

1,5/5 

1 

01.25 

1.5  ID 

Fold  empty  carton 

1 

.875 

1 

.875 

ioi.25 

1.575 

1 

joi.25 

1.575 

ox<xiicn  empT>y  carT>on 

1 

1.575 

1 

1.575 

1 

1.575 

1 

1.575 

1 

1.575 

1 

01.25 

1.575 

Load  flat-bed  truck 

4 

3.500 

2 

1.750 

1 

.875 

4 

02.00 

3.500 

2 

01.00 

1.750 

1 

01.00 

.875 

Row  boss 

2 

2.150 

1 

1.075 

1 

1.075 

2 

01.67 

2.150 

1 

00.84 

1.075 

1 

00.84 

1.075 

Total 

Net 

52.73 

36.60 

19.98 

19.42 

54.30 

18.84 

37.30 

18.84 

21.73 

Including  pay  roll 

taxes  and  camp  costs 

58.30 

39.40 

21.92 

20.82 

59.96 

19.84 

41.04 

20.20 

23.86 

&/  The  following  shows  the  wage  rates  paid  hoiirly  rate  cre\js  in  the  Salinas-Watsonville  districts    row  boss — $1,075;  cutter- 
trimmers,  packers,  carton  distributors,  carton  closers  (ground  pack),  empty  carton  folders,  packed  carton  folders  (ma- 
chine pack),  and  loaders — |0.875j  and  carton  stitchers  and  carton  closers  (machine  pack) — $1,575.    To  cover  camp  costs 
for  Mexican  National  labor,  11  per  cent  was  added  to  costs  of  wages  listed  at  the  rate  of  87.5  cents  per  hour.    Five  per 
cent  was  added  to  the  costs  of  wages  listed  at  other  rates  to  cover  social  security  and  workmen's  compensation  taxes  for 
local  employees. 
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APPENDIX  TABLE  F 

Costs  of  Salaried  Field  Supervision  With  Three  Methods  of  Field  Packing 
Salinas -Wats onville  District,  1953-5Uf/ 


Method 

Ground  pack 

Machine  Pack 

Trailer  pack 

Number 

Cost 

Number 

Cost 

Number 

Cost 

Job 

of  men 

per  hour 

of  men 

per  hour 

of  men 

per  hour 

Supervision 

Net 

1 

3.125 

1.563 

1.563 

Including  payroll 
taxes 

3.28 

1.6U 

1.61; 

a/  Based  on  an  average  weekly  salary  of  $125  and  a  UO-hour  work  week. 


b/  The  one-half  man  allocation  to  the  machine  and  trailer  methods  indicates  the 
division  of  time  between  two  units , 


APPENDIX  TiiBLE  G 


Estimates  of  Replacement  Costs,  Annual  Fixed  Charges,  and  Operating  Ejqjenses  Per  Hour  for  the  Principal 
Equipment  Units  Used  in  Field  Packing  Western  Head  Lettuce,  Salinas,  Imperial,  Yuma,  and  Phoenix  Districts,  19522/ 


Hand  tools 

Truck,  flat 

Item 

Stitcher 

for  ground 
pack 

bed- wide 
tread 

Trailer-pack 
unit 

Machine-pack 
unit 

dollars 

Replacement  cost,  1953 

500,00 

500.00 

7.600.00 

1.700.00^/ 

15  000  00^/ 

Annual  charges: 
Depreciations/ 
Tax  and  license  fees 

Interest  on  investment^/ 
Fixed  repaira/ 

62.00 
5,00 
8.00 
15,00 
15,00 

100.00 
5.00 
8,00 
15,00 
15,00 

950,00 
153.00 
75.00 
228.00 
228.00 

212.00 
37.00 
13.00 
51.00 
51.00 

1,875,00 
305.00 
90.00 
450.00 
450.00 

Total 

105.00 

143,00 

1,634.00 

364.00 

3,170.00 

Cost  per  hour  with  1,280  hours  of  use  per 

,08 

.11 

1.28 

.28 

2.48 

Cost  per  hour  with  720  hours  of  use  per 

season 

.14 

,20 

2.27 

.51 

4.40 

Operating  costs  per  hour  (excluding  labor) 

Gasoline 

Oil 

Tires 

Repair  and  miscellaneous^/ 

,04 
.04 

.48 
.05 
.19 
.60 

.04 
.14 

,50 
.10 
.06 
1.20 

Total 

.08 

1.32 

.18 

1.86 

Total  equipment  cost  per  hour  id.th  1,280 
hours  of  operation?/ 

.16 

.11 

2.60 

.46 

4.34 

Total  equipment  cost  per  hour  with  720 
hoiu?s  of  operationf/ 

.22 

.20 

3.59 

.69 

6.26 

(Continued  on  next  page.) 
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Appendix  Table  G  continued, 

a/  Costs  per  hoixr  in  the  Salinas  district  are  based  on  a  1,280-hour  season.    Costs  per  hour  for  Imperial, 
~  Yuma,  and  Phoenix  districts  are  based  on  a  720-hour  season. 

b/  Includes  costs  of  all  accessories.  Newer  models,  functionally  equivalent  to  the  equipment  priced  above, 
~   are  available  for  $10,000. 

c/  Estimated  on  basis  of  eight-year  use  life,  with  no  salvage  value  at  end  of  use  period, 
d/  Approximately  5.0  per  cent  on  undepreciated  balance  of  investment, 
e/  Estimated  as  3,0  per  cent  of  replacement  cost, 

f/  Estimated  as  0.8  per  cent  of  replacement  cost  per  100  hours  of  use. 


iiPFENDIX  TABLE  H 

hS. 

Equipment  Costs  Per  Field  Hour  for  Three  Methods  of  Field  Packing 
Salinas -Wats onvi lie  District,  19S3-Bhy 


Method 

Cost  category 

Ground 

;  Machine 

Trailer 

and  type  of 
equipment 

Number 
of  men 

Cost 
per  hour 

Number 
of  men 

Cost 
per  hour 

Number 
of  men 

Cost 
per  hour 

Operating  labor^''^ 

1.856 

3.300 
5.16 

5.U1 

Stitcher  truck 
Packing  machine 
j      Highway  trucks 
j  Net 

Including  pay- 
roll taxes 

1.25^ 

2 

i.856 

3.300 
5.16 

5.U1 

2 

3.300 
3.30 

3.U7 

Fuel,  repair^  and  tires 

Stitcher  truck  and 
two  stitchers 
j      Highway  trucks 

Packing  machine 
1  Trailer 
1  Total 

2^ 

l.UUO 
2.6iiO 

i;.12 

2 
1 

2.6U0 
1.860 

ii.50 

2 
1 

2.6iiO 

.180 
2.82 

■P  / 

Fixed  Costs-' 
Stitcher  truck  and 

two  stitchers 
Highway  trucks 
Packing  machine 
Trailers 
Hand  tools 
Total 

2^/ 

l.hliO 
2.560 

.110 

U.ll 

2 
1 

2.560 
2.U80 

5.0U 

2 
2 

2.560 
.560 
3.12 

a/  Based  on  crew  sizes  described  in  Tables  1  and  2  and  used  in  calculation  of  labor 
cost  per  crew  hour. 


h/  All  drivers  are  paid  ?.t  the  rate  of  $1.65  per  hour. 

c/  Includes  an  allowance  of  12.5  per  cent  for  highway  travel  to  and  from  the  field, 

d/With  the  ground-pack  method  using  a  piece-rate  wage  plan,  estimates  are  based  on 
the  use  of  three  trucks  for  6.8  hours  per  day  or  2.5  truck  hours  per  crew  hour  for 
crews  working  an  8-hour  day.    This  raises  the  cost  of  highway  truck  drivers  to 
|1|.125  and  the  total  operating  labor  cost  to  $6.28  per  field  hour. 

e/  With  the  ground-pack  method  using  a  piece-rate  wage  plan,  the  use  of  an  additional 
highway  truck  raises  fuel,  repair,  and  tire  costs  for  highway  trucks  to  13.300, 
and  the  total  cost  of  fuel,  repair,  and  tires  is  $U.780  per  field  hour, 

f/  Based  on  a  1,280-hour  operating  season. 

£/With  the  ground-pack  method  using  a  piece-rate  wage  plan,  use  of  an  additional 
highway  truck  raises  fixed  costs  for  highway  trucks  to  $3.20  per  hour  and  total 
fixed  costs  to  $i4..25  per  hour. 


